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ABSTRACT 


seo ussciĉal analysis o£ the "Second Catalog of 
Emussjon=kime Stars of the Orion Population" was undertaken. 
HU the reduction of the Catalog to numeric data, statis- 
tics and frequency distributions were systematically searched 
memeany physically significant characteristics. Those two-way 
lueguency distributions with possible physical significance 
were analyzed. 

Distance moduli for 228 stars were tabulated. 
Memtzsprung-Russell diagrams were plotted. The T Tauri stars, 
Bo plotted, lie between the main sequence and giant branch. 
PACK ol correlation between the large scale variability 
dany Other set of observed characteristics was discovered. 
um cent theories of stellar evolution do not explain this 
Mo correlation nor the cause of the variability. It 
is argued, that on the basis of current data, no conclusion 
can be reached as to whether T Tauri stars are on convective 
nae uscseguri)brium tracks approaching the main sequence. 
Ba mos” function or the Orion Population is presented 
Ea Found to be”significantly different than the solar 


neighborhood luminosity function. 
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INTRODUCTION 


Mierda antes and evolution of stars in hydrostatic 
AD un tusion cores is well understood. There is 
relatively good agreement between theory and observations 
on stellar age, composition, luminosity and effective tem- 
perature, and stability of these objects. Many observations 
port these theories that predict: shorter lifetimes for 
Meme massive Stars; evolution of giant and supergiant stars; 
production of: planetary nebulae, novae, and super novae; and 
SoWllapse to white dwarfs and neutron stars. It is possible 
that even the final stage of stellar evolution. (for some 
NS the black hole, has been indirectly observed. 

Nemsuemn Set OL matching observations and theories exist 
for newly formed stars. Several theories have been suggested 
which predict the details of collapse for dense clouds of 
miners tellar gas and dust, under highly idealized conditions. 
But observational support for many of the gross physical 
details of these schemes has not been found. One prediction 
Nene Cheories of early stellar evolution is the appearance 
yHANluninous young stars. The stars at the time of the appear- 
Ce are predicted to have luminosities greater than main 
sequence stars of the same effective temperature. If stars, 
whose pre-main sequence nature can be determined are studied, 
then their observed properties can be used to distinguish 


between, or even challenge the basic features of existing 
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Morics of carly stellar evolution. The T Tauri stars 
seem to be such a group, by reason of their Hertzsprung- 
well diagram position, spectral peculiarities, and other 
Miasual properties. 

Ae Ee onton of the homogeneous group of irreg- 
Ular variable (in apparent magnitude) stars was made by Joy 
ED Eleven stars were included in that group, including 
Ehe prototype star T Tauri, for which the group is named. 
wonen no two of the T Tauri stars are exactly alike, Joy 
w oUr characteristics that distinguish T Tauri variables 
meomeche multitude of other variable stars. These are: "(1) 
ululo rregular light-variations of about three magnitudes; 
(2) spectral type F5-G5, with emission lines resembling those 
nune solar chromosphere, particularly in the great strength 
Bē Bad K of calcium; (3) low luminosity; (4) association 
yionNdarK or bright nebulosity." In intervening years, 

m estars have come to be accepted as pre-main sequence 
objects. 

Objective prism surveys since then have increased the 
member Of known T Tauri stars to more than three hundred, 
including many stars which because of their association with 
nebulosity, emission-line spectra, and irregular light vari- 
ations are T Tauri-like even though they are not strictly 
Iu stars by Joy's criteria. Herbig [1962] suggested 
that this overall set of emission and irregular variable 
Stars be referred to as the "Orion Population." By 1972, 


Herbig and Rao [1972] were able to catalog 323 stars in the 


Im 





Enron Population," most of which are T Tauri stars. Al- 
wouch the information is incomplete for some stars, the 
Matos, as the Herbig-Rao, 1972, paper will hereafter be 
wyinled, includes data for the categories listed in Table I. 
currently in the table, the Fortran variable name assigned 
Ee particular characteristic is listed. These Fortran 
names are sometimes used in later discussions of the Catalog 
PA» The program undertaken was to calculate the distribu- 


Bons and relationships among the categories in the Catalog. 


ES 





Il. BACKGROUND OF THE T TAURI PHENOMENA 


eepe discussion of the properties of member stars 
of the Orion Population and how these properties complement 
ment understanding of pre-main sequence stellar evolution 
[NuU be helpful in analyzing the Catalog data and uncovering 
mant statistical relationships. The observed properties 
EN on Population stars are limited to the spectra, photom- 
uu Light curves, positions and motions. Far too few are 
known members of binary systems to make the special tech- 
Mes of binary studies especially useful in the analysis 
che Catalog objects. With the spectra and photometry it 
however, possible in some cases to infer the mass, lumin- 
Bey, composition, dynamics and age of the Orion Population 


ects. 


OBSERVED PROPERTIES OF T TAURI AND T TAURI-LIKE STARS 

It is currently believed that all stars evolve through 
A lauri-like stage. Computations of stellar models show 
that massive objects evolve more quickly than less massive 
ones; for example, a star of one solar mass will take about 
memetimes as long to evolve to the main sequence as a star 
of five solar masses. The main sequence is a locus of points 
on a Hertzsprung-Russell diagram; the points' positions being 
@eaaned by the luminosities and effective surface tempera- 
tures of stars which have evolved to equilibrium burning of 


hydrogen in the stellar core. Assuming that the ratios of 
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the numbers of stars of different masses, formed in our 
Meson of the galaxy, remains essentially constant with 
meepect to time; then the number of low mass pre-main 
sequence (PMS) stars which can be observed is far more 
mamerous than the number of larger mass objects, since the 
massive objects spend far less time in the PMS stage.  Con- 
Séquently, the largest group of stars in the Catalog are 
@ertain T Tauri stars (59.5$) or presumed so (9.9$). The 
Eur categories with hot members of spectral classes B and 
LDolste-type low luminosity members and peculiar stars make 
momonly 105 of the Catalog. About 35% of the Catalog stars 
Me not currently classed at all but share some character- 
istics. A thorough discussion of the T Tauri stars follows, 
while the others are very similar and a brief discussion will 
Eurfice. 
Obs crea Properties 

In the following paragraphs the observed properties 
Of T Tauri stars are discussed. 

IE pe Eta 

Much more is now known about T Tauri spectra 

than was reported in the initial establishment of the class 
BEN Taura stars [Joy, 19451. The nature of the star's 
spectrum is singly the most important characteristic for 
Maison aes a T Tauri star. All the other characteristics 
are secondary, although necessary. A thorough discussion 
modlo) ineation of T Tauri criteria is contained in a review 
kassoleby Herbige [1962]. The following characteristics are 


BP evvwed in the spectrum: 
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(E PuuSSzon Lines. Numerous emission lines 
Mme visible. These include hydrogen's (HI) Balmer lines, 
mA and K lines of once ionized calcium (Ca II), and in 
unge degrees lines of iron (Fe I, Fe II), titanium 
mere it) and forbidden lines of oxygen ([01]) and sulphur 
NEN. Only in late T Tauri stars, may the helium (He I) 
be prominent. The hydrogen and calcium lines are the strong- 
EID intensity, followed by the iron (Fe II) and titanium 
au TI) EL 

ES bun Pec The emission lines 
EE previous paragraph are superimposed on either a con- 
famous emission spectrum or in some cases a nearly normal 
Ehotospheric absorption spectrum whose type ranges from F 
to M. The absorption lines may be considerably broadened. 
those stars with an absorption spectrum, there is often 
meee or lithium (Li I 6707) which might legitimately be 
Ruoluded as a criteria [Kuhi, 1966]. In general, the tran- 
Soni [rom an absorption spectrum to continuous emission 
Rune absorption is most striking in the stars with strong 
emission lines. When definite lines appear, it is often 
possible to measure doppler shifts separate from those caused 
the overall radial motion of the star. This overall 
radial motion must be inferred from the radial motion of 


vē oc1iated stars in the same cluster. 


lne Roman Numeral I indicates the neutral atom, 11 
muilŭieates the first ion, etc.; and the square brackets [ |) 
indicate forbidden transitions. 
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SIMILI E Nearly all the T Tauri 
Mears in which the absorption lines are visible have the 
mimes arranged so that there is an obvious profile like 
meme OL P Cygni. This arrangement consists of an emission 
Ms ymmetric in intensity about the central frequency with 
am absorption line bounding the emission just to the higher 
Ereguency (blue) side [Ambartsumyan, 1958]. The exceptions 
Now an inverse P Cyeni profile, that is, the absorption is 
to the lower frequency (red) side of the emission line 
MENS 1972]. These P Cygni features appear at the Balmer 
lines and the H and K Ca II lines. 

M Ultraviolet Excess. There may be an ultra- 
violet (UV) excess and sometimes a "blue continuum" which 
been interpreted as Balmer continuum radiation [Strom, 
strom, and Grasdalen, 1975}. This causes masking, as men- 
woned previously, or as it is more commonly called, 
Eun. Lt may be characterized by a steep rise in the 
peeetral energy distribution shortward of about 4200 A. 

LIU Polarization 

Variable optical polarization as high as 125 has 
meemeopserved. It is possibly caused by electron or dust 
Semecrering (Strom, Strom, and Grasdalen, 1975]. 

C. Infrared (IR) Excesses 

Unusually intense IR radiation in the 1-3, region 
was first noted by Mendoza [1966, 1968]. This IR emission 
early greater than that which was expected from fitting 
a black body energy distribution to the intensities at visual 
wavelengths [Rydgren, Strom, and Strom, 1975]. 
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d. Irregular Varprebility 
Irregular variability in brightness was one of 
MS original criteria. Continuing analysis in the past 
Nut years has failed to uncover any underlying periodicity, 
except for a very few stars in which the time of independent 
@memeaeteristic cycles might have been found.. The range of 
ability extends from differences of 0.2 magnitudes to 
magnitudes. The mean and median range is about two 
magnitudes. The periods range from several days to several 
puimeured days and more. There is variability in the infrared 
meso [Mendoza, 1968], but which does not necessarily follow 
Mmenwchanges in the visual wavelengths [Cohen, 1973a]. 
e. Association with Nebulosity 
All of the stars appear close to nebulosity. 
EN ui lauri stars, 15.8*$ illuminate or excite bright 
nebulosity. Herbig [1962] has shown that it is very unlikely 
meat these Stars are just ones which have been trapped by the 
o»ohuloaus clouds. The nebulosity tends to be heavy and total 
Aec curation of other Orion Population objects is likely 
Bron, Strom, and Grasdalen, 1975]. With IR surveys and 
marches, many more IR sources and likely T Tauri stars are 
peine found. It must be noted that not all areas of great 
Mebulosity have associated T Tauri stars. 
f. O and B Associations 
T Tauri stars do appear with some regularity īn 
@omeenthations with O and B stars. The Orion Nebula is the 


most notable example. Because of their short lifetimes 
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Be O and B stars must be young, and the observation that 
NAS cars appear regularly close by is an important 
Et mast be pointed out, however, that not all groups 
emand B stars have the associated T Tauri stars, the 
Mades being the most notable example. These points are 
discussed more fully by Kuhi [1966]. 

A adri Stars Iin the Orion Population 

The few stars which cannot be classified as 

wun stars usually differ in their hot or peculiar 
ME But they usually share the emission character- 
CS). irregular variability, P Cygni profiles and IR 
EN sses of the T Tauri stars. The hot members of the Orion 
@emmracion and Other non-T Tauri PMS objects are discussed 


INS trom, Strom, and Grasdalen [1975]. 


SM INFERRED PROPERTIES 
OGI PRON tO Its importance as a classification cri- 

Ion; the spectrum of a T Tauri star yields the greatest 
EwBoOrmation about those properties which are not directly 
observable, but which must be inferred or calculated from 
the observational evidence. This paper cannot deal in depth 
Ehe calculation or even estimation of all the character- 
kisos and dynamics of a T Tauri star. Only the currently 
mera conclusions will be given. 

When a photospheric absorption spectrum can be resolved 
tien an intrinsic color can be obtained, the surface 
temperature may be defined to about two significant figures. 


If the distance to the star is known and an appropriate 
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Ewection for interstellar (and circumstellar) absorption 
MDE applicd, then an absolute magnitude and luminosity 
BDE calculated from the apparent magnitude. There is a 
relationship between mass and luminosity, since the mass 
and composition uniquely determine all the physical char- 
@emeeristics of a star. But T Tauri stars may not be static, 
Sepia brium objects. For those few stars for which physical 
emr acteristics can be estimated, the luminosity is greater 
meee what is expected for a main sequence star. One might 
meer conclude that the radius is greater than a main sequence 
@epect Of equivalent mass. 

These relationships discussed above can be described by 
AO - dimensional plot called the Hertzsprung-Russell (H-R) 
Eram. The abscissa of such a plot is appropriate units 
wither spectral class, color or temperature; the ordinate 
is absolute magnitude or luminosity. Radius might be added 
“ka third non-orthogonal coordinate. Historical paths of 
Bors ol a particular mass can be plotted on the H-R diagram. 
merecen is a parameter. In addition, particular studies of 
binary systems may yield and/or confirm information about 
“Ses and radi1. Also, there are indirect ways to calculate 
Mess £rom estimates of surface gravity when good spectra are 
evailable. 

saeduspeGeralo: l Tauri stars are exceedingly difficult 
to obtain as the objects are dim and the spectra are confused 
and often masked. So, with this brief background, the 


current beliefs concerning the T Tauri properties follow. 
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it Physical Bkzracteristics 


The range of spectral classes has been discussed. 
piusequently, the range of temperatures for T Tauri stars 
lollows directly, £rom about 6600“K to 2800”K [Allen, 1973]. 
muse are effective black body temperatures. The intrinsic 
solor (B - e D wascesranges trom 0.4 to 1.6 magnitudes. 

The radii are not at all well determined, but aver- 
m the neighborhood of several solar radii or greater. 

iitemidosmotsthe | Tauri stars probably range from 
[NNto 5 solar masses, but there is occasional excellent 
E nce for-Ltarscer mass T Tauri stars [Strom, Strom, and 
Eur uarlen.; 1975]. There are certainly stars of clearly 
preater mass which exhibit T Tauri-like emission and 
variability. 

RG ton remains as to how the mass is distrib- 
uted. Because of the emission lines, UV continuum and IR 
weee presence of a circumstellar shell seems likely. 
Mus shell is energized by a stellar core. The whole struc- 
Aneis Complicated though, by rotation, mass loss and mass 
wall discussed below. 

2. Dynamics 

The spectrum indicates mass movement and the rapid 
@eemepes Im brightness seem to confirm that the T Tauri 
suruccure Must be adynamic one, though it is by no means 


Clear whether dynamics of the envelope or of the photosphere 


"Bo responsible. 
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a. “Rotacuron 
Analysis of the broadened photospheric absorp- 
luon lines [Herbig, 1957] indicates rotation of the star. 
comparison with other late main sequence stars, the T 
Mati stars have substantially larger angular velocities 
kkNuboren, Strom, and Strom, 1975]. These velocities range 
Hom 20 to 100 km/sec. It is possible that the broadening 
enhanced by the expanding circumstellar envelope [Strom, 
Strom, and Grasdalen, 1975]. 
b. Mass Loss and Infall 
a -Meviacnce”recardung radial motion of the T 
dura stars' mass sometimes seems contradictory. Most of 


gr aurl Stars show the P Cygni profile. This indicates 


meou flow of mass. This loss of mass seems to be one in 
Manche mass totally escapes the star. lIt has been esti- 
IEEE to be as great as 3.7 x 10 solar masses per year 


kuhi, 1964]. 

onze” IN ISU Stars ere supposedly young, newly 
knuracted Stars, this mass loss can be disquieting. It is 
believed that the mass escapes because there has not been 
VE ujdvionallevidence of any of the ejected matter return” 
ing. Prentice {1973] has suggested that the observed mass 
ESocujon is a Convective overshoot from the photosphere; 
puCche mass is slowed and the infall of material at about 
10 km/sec would be undetectable against the normal motions 
Or the atmosphere. It is believed by some that mass loss 
is a major process in even very young stars [Rydgren, Strom, 


and Strom, 1975]. 
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As mentioned previously, some stars have been 
Meeerved With inverse P Cygni profiles, indicating a rapid 
meee of material [Walker, 1972]. However, other inter- 
puctations regarding the intensity of various emissions are 
possible [Strom, Strom, and Grasdalen, 1975]. The weight 
EE nv idence supports mass ejection for most T Tauri stars; 
ile some intall is possible, it is probably not part 
E ne stellar contraction or accretion processes as has 
been sucgested [Rydgren, Strom, and Strom, 1975]. One would 
S»kbect to observe spectroscopic evidence of stronger and more 
icguent intall in this group of stars, if they were truly 
Mean accretion phase. In other words, occasional inverse 
P Cygni profiles alone cannot be viewed as spectroscopic 
SonEirmation of an accretion phase. 

The mechanics of mass loss remain a mystery. It 
EEpears that the youngest stars have the greatest mass-loss 
Mees iRydgren, Strom, and Strom, 1975]. If emission line 
intensity can be correlated to mass-loss, then the observed 
IGE, that emission line intensity tends to become less for 
Eder groups of T Tauri stars [Cohen, 1974], may be an 
important clue for a model. Just how the mass moves in 
sormection with the contraction and how rotation is connected 
is unknown. 

3. Lithium Abundance 
Herbig [1962] reviews the work in the field of the 

kuehuum abundance in the T Tauri stars' composition. The 
abundance is about two orders of magnitude greater than the 


sun. 
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iiese eon hydrogen burning lithium is destroyed 
dal. It T Pauri Stars are indeed PMS objects, then the 
Galactic abundance of lithium may be indicated. However, 
schemes for the nucleosynthesis of lithium have been sug- 


gested. The actual cause of this high abundance is unknown. 


SERE MAIN SEQUENCE (PMS) STELLAR EVOLUTION 

See e nN generally accepted that the T Tauri 
Er momenon is a stage of stellar evolution through which 
ar least some and possibly all stars pass, it is instructive 
wi cuss that portion of a star's life prior to the stage 
Zenit Degins its equilibrium hydrogen core burning, the 
Eun segquence, and to discuss how T Tauri stars can be 
meetoned to the PMS set as support for a theory of stellar 
Eolution. 

EE TC1h of a Star 

here aie regions Of the galaxy, observationally 

Bose to earth, in which molecular hydrogen and dust (only 
about 1% of the interstellar medium) have a density great 
SHOUgh that radiation from more distant stars is completely 
Er "rec These clouds are pierced by lines of magnetic 
Mus and molded by large scale gravitational instabilities. 
They are bombarded by high energy cosmic rays and accelerated 
by various Alfvén waves in complicated schemes of coupling 
and decoupling. In a set of conditions, not well understood, 
in these clouds pockets of higher density may be formed. If 
the internal energy is not too great, the self-gravitation 


guNcne eas sand dust may be great enough to accelerate the 
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meter towards a center of mass. This is the start of a 
EoiNNapse. By the Virial Theorm half the potential energy 
memeasca in the collapse goes into internal heating of the 
o Kem, and the rest must be radiated from the system. If 
NI SENUSSS 1s great enough and the opacity of the cloud 
Bra) 1S such that excess energy can be radiated away, 
then the gravitational forces can overceme thermal motions 
which would dissociate the dense pocket, and further accre- 
tion of the surrounding cloud can continue. Once there is 
um ravitationally bound system, a condition of dynamic 
yukurostatic equilibrium exists; and it is possible to model 
mi system mathematically. This set of first order differ- 
Eu equations relate the pressure, mass, density, luminosity 
and temperature as functions of a radial distance from the 
HONter of mass. With knowledge or assumption about the local 
Mr mody amic state, solutions can be found. Usually these 
Atos ave carried out in terms of mass rather than radius 
and solved numerically. If one carries out a series of such 
Selculations for a particular total stellar mass, then a 
memplete Mistory Of the star's collapse, life and eventual 
Beach can be calculated. This history can be plotted on the 
H-R diagram, showing the sequence of luminosities versus 
ERecctuve surtace temperatures. Such a history is called 
Tack. Age 1S a parameter along such a track. 

There are two distinct tracks currently accepted as 
poSsibilities £or the PMS history. Both sets of calculations 


soomire the simplifying assumptions of no rotation, no 
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associated magnetic field and a spherical fluid, non- 
mroulent mass. the earlier set of calculations led to what 
meemenwlicd the Hayashi tracks. These tracks require the 
additional simplifying assumptions of a roughly homologous 
M pSe and a polytropīc density distribution. Further, no 
Provision is made for mass loss. More strenuous calculations 
HC the Larson tracks. These different tracks are discussed 
EU: however, only the PMS tracks are discussed, not the 
uun Sequence and post-main sequence evolution. Regardless 
Hukmodel, the tracks differ greatly depending on the initial 
mass and the initial composition, so only a general comparison 
Gan be undertaken here, using a star of about a solar mass 
mo, compare the two tracks. 
PEE the Hayashi Track 

A major result of Hayashi-type calculations is the 
eekaplishment of a forbidden region. This is an area in 
ENSMH=R diagram in which no stellar object in hydrostatic 
equilibrium can exist, because at any given mass and given 
Imu nosity, hydrostatic equilibrium is not possible if the 
Eurface temperature of the object is too cool [Clayton, 1968]. 

In the Hayashi scheme, as explained by Clayton [1968], 
mre dense collapsing pocket starts almost in a free fall. 
Eventually temperature and pressure rise, slowing the col- 
lapse to a quasistatic state, one in which the partition of 
lost potential energy, half to kinetic (thermal) energy of 
ee particles and half to radiation production, becomes a 


Meee accurate description. Aithough the radiation escapes 
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Bear first, eventually there 1s increasing opacity. 
ices because Opacity is a state function, determined by 
the changing density and temperature. While there is some 
additional heating because of this, interior temperatures 
cannot rise above about 10* “K until the molecular hydrogen 
Meens associated and ionized. When the ionization is com- 
Merete there can be further contraction and heating until a 
Beare of dynamic hydrostatic equilibrium exists, in the 
homologous collapsing sphere. 

Me hS point that the Hayashi track begins. 
"Hayashi track is shown in Figure 28. As was previously 
Stated, since the surface temperature cannot be too cool, 
Star s appearance must take place at the near vertical 
Euary of the forbidden region in the H-R diagram. The 
Ema ce temperature 1s high and contraction is still in 
Eu ess, and the radius is large. This must result in a 
meee luminosity. For a star of one solar mass, its starting 
luminosity is about 16 Lo and effective temperature about 
S900°K. The 3900°K is the coordinate of the boundary of 
Ehe one solar mass forbidden region. In the Hayashi scheme, 
no star of one solar mass (with the same composition) can 
Be cooler. 

P hen tar e still gravitationally unstable and 
sol"tipsing, a process which continues for about OS a 
Hath the calculated high opacity, the star must be fully 
w e Ne tO transmit radiation at the required rate to 


mounntain quasistatic hydrostatic equilibrium. 
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Fupsequent calculations show the star "moving" nearly 
_amercailysaown tne edge of the forbidden region on a track 
mri slightly increasing surface temperature but with a 
ate decrease in luminosity. But the resulting contrac- 
ion increases central temperature and changes the central 
IEC”. the evolution slows and a core in radiative equi- 
iN aGUn grows. Eventually nearly the entire star is in 
radiative equilibrium and the main sequence size is reached, 
OY now the central temperature and density is great 
Bauch tor thermonuclear reactions to occur, supplying 
Cc energy at the same rate it is lost at the surface. 
Eus time the star is positioned on the main sequence. 
During these final stages in which radiative transfer over- 
comes the convective phase, the decreasing luminosity ceases 
ama the surface temperature increases. (There is a small 
Ber ase in luminosity but the track is essentially hori- 
momeadl.) Since a one solar mass star was picked, its surface 
effective temperature is about 5770°K with an absolute 
polonetric magnitude o£ a 

For stars of greater mass, the forbidden region has 
mes border at slightly greater temperatures and the convec- 
Eve phase takes a progressively smaller portion of the 
evolutionary time, until for stars of the greatest observed 


masses (2 15 M use mm eSSemnunaliy no convective phase 


al 
EMI "these cases the stars move on a track of 


increasing temperature with about equal luminosity. 
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O [1064650 Track 

The Larson calculation does not take the Hayashi 
assumption of a homologous contraction nor the ensuing 
Ness Eropic dēnsity distribution; but the assumptions of 
Pimerical symmetry, no rotation, no magnetic fields and 
Meee ible internal turbulent motions are retained. For 
iIuher detail, the reader should consult Larson [1969 and 
1972], and the review articles [Strom and Strom, 1973] and 
Be son, 1975]. These sources were used for this summary. 

The Larson scheme starts essentially like the 
Hayashi wıth a cloud collapsıng in free fall, but not 
Bemologously. The interior density increases at the expense 
of the outer portions whose density decreases. Collapse in 
the outer regions is 'significantly retarded from a free 
fall." This non-homologous collapse results in a peaked 
kec» distribution, the greatest density at the center. 
V furthermore, the collapse becomes most rapid at the 
center too. The result is major changes in density in a 
decreasing region about the center while little happens in 
Eiokouter regions. Eventually, the central region becomes 
snagqwe and, with the rapidly increasing central pressure 
and temperature, the collapse is slowed and finally stopped. 
Nus” Core, in which collapse has ceased, is in sharp physical 
contrast with an intermediate region in which the molecular 
hydrogen continues to free fall. This abrupt change results 
EN hoch £ront. Intalling material results in continued 


core collapse subsequent to a series of unimportant 
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K“OOU i NOScUWNEFuwonS. Interestingly, the shock front which 
Bounds the core moves with the core surface inward toward 
Ae center, even though it bounds increasing mass. Now, in 
Nus) £irSt core a second core is developed in just the same 
Ue except the molecular hydrogen is dissociated in the 
ss, and this core is in hydrostatic equilibrium. A 
Second shock front is formed but within the first core and 
we first shock front. 

A rather complicated thermodynamic condition now 
EuSts at the second shock front, the result being an in- 
puisase im the radius of the second core. The first shock 
front dies away as the expansion takes place. 

ao matter continues at the shock front, 
ExuEthere 1s a point when the opacity of this gas and dust 
[rons so that radiant energy can be transported to the out- 
NEN eventually escaping into interstellar space. The 
NesWlt to an outside observer would be a rapid increase from 
almost no luminosity to about 10 times the luminosity of the 
Is iS the start of the Larson track for the luminous 
meet A Larson track is shown in Figure 29. Were the core 
oublie. 3t would have a radius about 12 solar radii and an 
effective temperature of about 3200°K for a single solar mass 
HG. Bút this is within the Hayashi forbidden region, 
muNDart of the subsequent evolution will carry the star to 
een, lower effective temperatures! 

us cu chus fame the Larson calculation results 


in the formation of a small stellar core which expands while 
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mecreting additional material; whereas, in the Hayashi model 
there was a homologous overall contraction of a single cloud. 
Beenscesofzstrhe enerey loss, the core begins to con- 


anda a comvection zone starts at the core's surface, 


Eu neg inward. Core contraction speeds up, fed by both 
radiative and convective energy losses. The smaller radius 
meets in a lower luminosity. But the infall of material 


Semeinues and the further evolution guides the track to 
Bester luminosities and greater surface temperatures, even 
mmemon in thas phase the radius remains about constant. In 
ANUS phase, there 1s a significant increase in the core 
mass, and the track moves out of the forbidden region. When 
about half the total cloud mass available is in the core, 
final parts of the track and movement to the main se- 
meee 15 started. At this point, the maximum effective 
Surface temperature has been reached, about 8300°K, and the 
maximum luminosity, about 30 times that of the sun. As the 
mmainader Of the cloud mass accretes, the core, seeking a 
resultant static equilibrium state, moves back to a lower 
senperature and smaller luminosity. As the outside mass 
Bemciepletecd the kinetic energy of the infalling material 
MISE hoek front is no longer a contributing luminosity 

o ere iS, at this point, little infalling material, 
but there is convective transport in the outer half of the 
pore What exists, then, is a stellar object at the edge 
of the forbidden region with a central radiative core and a 


pcc: Meer scone, the whole object in final collapse. 
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NS ln kacE, on the lower part of its Hayashi track but 
with a much smaller radius and luminosity than was predicted 
in the Hayashi scheme. It did not reach that point, however, 
meine Same manner as the original Hayashi track. From this 
point the star follows the Hayashi track to the main sequence. 
mehe case of protostellar clouds of two stellar masses and 
prster, the Larson calculations show that no convective 
„X”ash1i phase is reached at all. 

epon ea nee oit he Tarson scheme lies in its pre- 
diction of a non-homologous collapse resulting in a stellar 
Mie with a surrounding, infalling circumstellar cloud. 

e Evolutionary otate of T lauri Stars 

"nckeWeStCtirion remains to be answered: just where do 
ENT: stars fit onto an evolutionary track? The observa- 
wnal Clues are: a stellar object with visible and infrared 
radiation (in excess), association with nebulosity and in 
ome cases known young O and B stars, circumstellar envelopes 
with emission and blue continuum, large rotational velocities, 
and mass ejection and/or inflow. Additionally, the luminosity 
Bmestremperature can be found for a few representative stars. 
These coordinates plot above the main sequence. Unfortu- 
surely, their masses are not known. 

There appear to be two main positions on the question 
Bene 1 lanmri stars' evolutionary state. The one delineated 
by Rydgren, Strom, and Strom [1975] takes exception to the 


Ex Wanstron given by Larson [1972]. 
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[iu ou kzr»wues that the T Tauri stars are 
probably "newly formed stars," this name being given to the 
Mitos tar when it reaches the end of that portion of the 
Barson track beginning with the maximum temperature and 
kuninosity (half the mass in the core) and ending just at 
muesstart of the Hayashi convection phase (nearly all the 


Eun the core), recognizing that for M > 2M there is 


O 
moe Hayashi convection phase. Larson points out that the 
ucuucced locus of "newly formed stars" lies near, but below, 
Exssochrone tor 10% years. Larson's explanation might fit 
EN the evidence, except the plotted H-R positions and 
Brick Of observed inverse P Cygni profiles. 

nuu "Se act is the Crux Of Rydgren, Strom, and 
Bons [1975] disagreement. The T Tauri stars (a Taurus- 
Auriga group and a p Ophiuchus group), which they have 
muotted, fall substantially above the 106 near usochrones 
!iumuher, they argue that optically thick circumstellar dust 
dlls are rare among the T Tauri stars, and thirdly, they 
mani out that the inverse P Cygni profile is observed in 
oly one of their sample stars and that star has the lowest 
ao sity ot the group. They conclude that there is no 
Seminal accretion phase” and that the T Tauri stars are 
actually on radiative equilibrium tracks approaching the 
Gen sequence. 

Dsllesıyderen, Strom, and Strom may be correct, 
admon» argunents do not necessarily refute Larson's thesis. 


First, the masses are not well known, so comparison of their 
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Buch Larson's locus drawn for E Masses 15 


VE cojelus1vē.liFurtnernore, the two groups of Rydoren, 
Eom. and Strom have about the same locus, yet the p Oph 
meoup iS known to be older. Second, Larson's locus would 
Semmes 1f rotational effects were included. This is a par- 
meemilarly important point since the angular velocities for 
NNI: Stars seem to be high. The effect of rotation might 
very well move the Larson locus above the 10° year isochrome. 
Mme there 1S no requirement in the Larson track for an 
EHuNkuVally thick circumstellar shell at the time the "newly 
immed Stars" appear; rather, if the star is appearing 
weecialiy) the shell must be becoming optically thin. Fourth, 
mole it iS true that the P Cygni profile is observed with 
Noe rrequency than the inverse profile, the evidence 
EO Conclusive that mass 1S ejected permanently. A slow 
unobservable infall is possible, as was previously mentioned. 
any Case, at the point where Larson's "newly formed stars" 
appear there is no further requirement for mass infall since 
Mumdertcalky all of the proto-stellar mass has fallen into 
the core" [Larson, 1969]. Furthermore, the mass loss may 

not be isotropic. However, some explanation for mass 


ejeetion is still needed. 
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III. PRESENTATION OF DATA 


vnm carcniiltne data for the 323 stars listed in 
mms Catalog required reduction and coding to make computer 
Meeeessing possible. Where qualitative labels were given 
Ene Catalog, numerical values were assigned. Data pro- 
Sie and some of the statistical analyses were accom- 
HIS hed using the Naval Postgraduate School IBM 360-67 
Nowputer system. The library programs of the Statistical 
ae tor the Social Sciences (SPSS), revision V [Nie, 
Bent, Hull, 1970} were used for the majority of this work. 
Additional regression analyses were made with a program 
Browaded by Mr. Robert Batesole of BDM Corporation that 
EiNnwed for a Search of the best of all possible regressions, 
mie the regression analysis routines of Biomedical Computer 
Programs (BMD) library. 

Merv ienstandine Its name, SPSS provided an excellent 
Nor this project. lt allowed versatile data selection, 
jmeoding and labeling. Further, its graphics were easy to 
generate and understand. 

metne paragraphs that follow, a broad look at the Cata- 
data will first be given, followed by closer looks at 
specific relationships. No attempt was made to look at every 
possible relationship between variables. Some were clearly 
not related and others had so few cases with complete data 


that analysis was not significant. Missing values were not 
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EN dotowsbreet Statistics. In addition to the character- 
Mmerrcs Of tive Catalog, two additional variables were added: 
MASPRD, which was calculated from the difference between 
brightest and dimmest apparent magnitudes (m (MAX) - m (MĪN)); 
and AMPG, the absolute photographic magnitude E which 
[KEmcalculated from distances and absorptions of prior 
Besearch. 

sme adgamntromal anpli£ying note needs to be made. The 
EHbaloe's stars were divided into four rough groups (sub- 
tes) by presumed physical association as given in the 
Catalog. The four subfiles used were defined as follows: 


moemORLON subtile--86 stars identified with the Orion 
Nebula. 


(2) TAUAUR subfile--58 stars identified with the Taurus- 
Auriga region. 


foe NGC2264 subtile--34 stars identified with NGC2264. 

(4) OTHERS subfile--A11 those stars not a member of the 
oI icvub ance SuUDLINSS”” hys subtile includes stars 
Jhuca are identified with specific New General Catalog 
(NGC) or Barnard designations even though they may be 
GI NEO wOnlOmemenlia Or Taurus-Auriga region. 
Mica os tas ig the OTHERS subfile. 

Except where otherwise noted, all stars are considered 
meine discussions below. Cases with missing data are 


ss icundacd only in the considerations of the particular var- 


liable with missing data. 


as BROAD LOOK AT CHARACTERISTICS 
NN Posrtyon in Galactic Coordinates 
The Catalog gives the galactic coordinates expressed 


in the 1958 system [Allen, 1973]. The variable names GALONG 
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II II i 
and b KESpECEUNVE ly, now more 


wid GALAT correspond to £ 
usually labeled £ and ie 

Ie Es tae cull'.560” while b has va lues 
S4  tolii 25.5 . Now, referring to Figure l, it is 
Miuoresting Co note that all three of the major concentra- 
tions of Catalog stars (ORION, TAUAUR and NGC2264) lie in 
muoNregion 155. < D < 215°, a rather narrow band.  Inter- 
SSkaincly, this band of high concentration is bounded on each 
Side by bands of no Catalog stars at all. This presumedly 
mī oilves' the structure of a nearby Galactic spiral arm. 

The mean value of b is -8.7°. Excluding the ORION 
subfile the mean is -5.0°. Only after excluding TAUAUR 
subfile does 6 move within two degrees of the Galactic plane 
MANUS”. “Again, this is an indicator of local Galactic 
yer ucture. 

Histograms of the two Galactic coordinates are given 
SuNPVicures Z and 3. 

uN Apparent Magnitudes 

Photographic apparent magnitudes EO) are given for 
Mos tars (86.1% of the total number of Catalog stars). No 
attempt was made to calculate corrections for the 45 stars 
whose magnitudes were given at a visual wavelength. 

i NU Mets sccenreri((Z=l|0/l0 = 0) is in the direction 
Mn konstellation Sasittarius at right ascension 171 397 3 
and declination -28° 54' (1900). In general, the value of £ 
(GALONG) indicates the direction towards or away from the 


Galactic center while 9 (GALAT) indicates a measure of dis- 
lance above or below the galactic plane. 
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The 278 stars with photographic magnitudes have the 


mollowing characteristics: 


BRTMAG DIMMAG 
mean P 7 H 
TIE, 1.8 I 
max OO I No 
min TA e? Bron a 


Dimmest magnitudes were not given for 118 stars 
(36.5%). Where only one magnitude was given, it was taken 
soc Che brightest. 

Histograms of BRTMAG and DIMMAG are shown in Figures 
EE Ud 5 ror all stars and thus include the visual magnitudes. 
ino histograms are shown for interest only and the error 
Introduced by the visual magnitudes is small. 

3. Range of Apparent Magnitudes 

The range of apparent magnitudes was calculated by 
taking the absolute difference between BRTMAG and DIMMAG. 
There were 205 stars (63.5%) for which such a range could 
be calculated. The following statistics were calculated 


Tor MASPRD: 


mean 208007. 
Sido dev. ld 
max S 
min Un 


The histogram is shown in Figure 6. 
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fenstacmimemoniy the certain and presumed T Tauri 
Suus, a mean MASPRD of 1.89 was found, lower but not sig- 
Mmerecantiy so. In calculating MASPRD, no correction was 
memae for the difference in magnitude systems; that is, the 
difference in visual magnitudes was considered to be a 
Semparable indicator to that of photographic magnitudes. 

A Lento Curves 

|n "stars had an assrgned light curve classi- 

fication. Of these 20 had anomalous classifications. The 


menalining 121 stars are divided among the classes as follows: 


Ie mently bright than faint........ al taps 9: 32) 
most frequently has the mean brightness..35 stars (10. 8%) 
more trequently faint than bright........ ou Stano (9.65) 


EENtrekcrence at any level,,.sssssvss.se.s. 25 stags (7275) 


es tatistics fOr Che photonetry are given in Table 
meee lhe histograms of V, B-V and U-B are shown in Figures 7, 
Nana 9 respectively. 

uu opeckra 

opeseural types Of Orion Population stars range from 

a hot BS MEL ; SOI K.) to a cool M5 (T,= 2800°K). Seventeen 
aans have no Classification at all, 14 stars have vague 
mbassitications (e.g., G-K), 97 stars appear to have contin- 
Mous spectra, and 20 stars show clearly continuous spectra. 
Nile the stars that appear to have continuous spectra may 
have some underlying structure, it remains generally not 


resolved. A histogram of the rough spectral classifications 
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Anucars in Figure 10. This histogram is for all the stars 
the Orion Population. 

odi sun oni) contain [ Tauri or probable T 
mera stars, the distribution is like the one for all stars. 
Mieme is only one star (V380 Ori) earlier than F5 and its 
pueostrum is slightly uncertain, although its position as 
Meme sequence dwarf 1s assumed. As can be seen in Figure ll, 
Mies numbers in each rough spectral class increase towards 
aNeNkater types with a maximum number of 16 in spectral class 
NE AUhile only 14 stars have some sort of M type spectra, it 
UV cen pointed out that this decrease in numbers is prob- 
ably an observational limit brought about by the low visual 
NEkkisscudes of these faint objects [Herbig, 1962]. Stars 
earlier than middle F are not classed as T Tauri stars, since 
ENoSpecific criteria of variability and the usual quality of 
Meerecahble line broadening (rotation) are not apparent in 
Reamer types |Walker, 1956], Those early (Be and Ae) stars 
NON KunEtine the | Tauri criteria are known as Herbig Emission 
means. They are similar in their emission characteristics 
and association with nebulosity. Why the high rotation and 
irregular variability should start at middle F and extend 
through all the later stars is not known. The lesser mass 
puobably has some effect on the dynamics of stellar evolution 
beyond the schemes of Hayashi and Larson. 

For the sake of completeness, a summary of the other 
Spectral information must be pointed out. Two stars, FU Ori 


and CPD-76°652, have supergiant luminosity classes. Six stars 
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MENS, OF are Close to, giant luminosity classes and one 
fear, AN Ori, has a clear luminosity class of IV. There 
era Stars with dwarf luminosity classes; but for 273 
peas) (84.5%) Of the Orion Population the luminosity class 
Sot be determined because the luminosity criteria in the 
opectra are missing. 
ku Eniro ECine Intensity 

Irene son Line intensity is a set of qualitative 
EIS zorıes by which the existence, development and intensity 
pENaostar'S emission relative to the continuum can be defined. 
Mus System was set up by Herbig [1962]. The emission line 
EuibenSity is not constant, the lines are more intense when 
Bear 1S brighter. The Catalog only gives one emission 
mEwSenswty and does not indicate at what point in the light 
Surve the spectrum was taken. It might be assumed that the 
Catalog is slightly weighted towards stars with brighter 
Eku Sion line intensities since these stars are more likely 
aave been discovered. 

The code assignment increases with increasing emis- 
“klon imtensity, proceeding from no emission lines to the 
advanced T Tauri-type spectrum. A histogram of the emission 
EDcensqgties 1s Shown 1n Figure 12. 

Nomen oT naskdescribed how younger clusters tend 
T distributions Such that there is a greater number 
peeponraronally Of I Taur; stars having greater emission 
intensities. In older clusters the number densities tend 


Raro lesser categories of emisslon intensities. 
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ENeHn' s results were checked using the much larger sample 
mee, OL this study to plot the histograms and calculate 
EE Squared statistics for testing his hypotheses. Cohen's 
mesults are supported. 
INE pesto Stars in the Catalog 
Giavenepcloweis the number ok stars assigned to each 


meme specification of the star's type: 


0 navedīe tc ann nn. 114 
vcre TeshcllNM-———— MV P 
 iesudmeo- DI luci c -————— V 
member (usually of spectral class B or A). . . . 21 
ME re Erypo Star of low to moderate luminosity . . . 20 
AA O of a me wl le le we o om ot ong 9 


Pee ABSOLUTE MAGNITUDES 
“ithe basis of thorough literature research for dis- 
tances, reddening and absorption, absolute photographic 
BEnatudes were calculated for 228 stars. The distance 
moduli, Be x Dr and absolute photographic magnitudes 
CM». ENSAMUu“ pedNiun Pablo FF alone with the source. 
l. Calculation of Distance Modulus 
In general, a distance and monochromatic extinction 
magnitudes is required to calculate a distance modulus, 
(m - M), from the well known relationship 
(m - M) = 5 Log (dj) = 5 + A 
where: m is the apparent magnitude: 
= constant =.Z:5 log E 


^ 


Con tant 2:5 lop (an) 


li 


son dan, 5" kord = 2,5 bog L ; 
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ween nere: d is the distance from earth to the star, 
EE UE in parsccs (pc), F is the monochromatic flux, L 
is the monochromatic luminosity, and A is an absorption 
in magnitudes; 
MENwhere: Mois the absolute magnitude which is defined 
as the apparent magnitude of a star at a standard distance 
ERESUD pc, that is 
Be meone tant + 5 - 295. log l. 
2. Calculation of Absorption 
MM D absorption is rather more compli- 
mse i to calculate because a star's light is not only dimmed 
pkuEuNreddened. Because longer wavelengths are not absorbed 
Momtne same extent as shorter wavelengths it is possible to 
EuNculate a ratio (R) of total to selective absorption when 
wee and an intrinsic (unreddened) color can be found. 
I 0NrOortunatc that this ratio is not everywhere constant. 
„VN calculated values were used wherever available; but 
when R was unknown the standard value R = 3 was used. With 


a value of R, the absorption A was calculated from 
A s Rx E, 


Meme E is the color excess, that is, the difference between 
M observed and intrinsic colors. Colors are defined as 
the difference in magnitude between apparent magnitudes, 
which are observed at two different effective wavelengths, 


mos sanplc, B- V. 
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LONNUNOSSNStCarS for which ono value of R or- E could 
be found, a standard absorption was assumed depending on 
lne»stars' galactic latitude. 

Er Calculation from Luminosity 

In a few cases absolute magnitudes were determined 

Emuectly from the total luminosity using the below rela- 


wene hip and bolometric corrections from Allen [1973]. 


Pn mE oM. Sc (in solas Units). 


4. Results of Calculations 
The formulae above were used whenever the data per- 
Ui ed. Special assumptions regarding the calculations are 
mepeatined in the Notes to Table III, Except where noted, 
Meman tudes were corrected to photographic magnitudes. 
ins togram of the absolute magnitudes is shown in Figure 
fom the distribution of stars in Mop by subfile groups is 


e used in a later section on the luminosity function. 


Mar ollowing statistics were calculated for M 


pg 
mean 4 4 8 
Seda len, ol 
max ONO 
min za dl 


meee keLA?ITONSHIPS BETWEEN CHARACTERISTICS 

There are many cross relationships that can be formed 
between various categories given in the Catalog. Many of 
these were studied using Cartesian scatterplots and two-way 


frequency tables. Where indicated, second order effects 
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were examined. Individual H-R diagrams, using apparent 
maenıtudes, for Taurus-Auriga, Orion and NGC2264 were 
Semaned; but differential reddening and extinction badly 
memeiered the results, and so the diagrams were not helpful. 
problem may still be a factor even in H-R plots using 
Mg since for ORION and NGC2264 an average ēxtinction was 
Ed throughout, a clear probable error of up to a magni- 
tude, at least in the ORION subfile. For ‘the few stars 
mua characteristic period, no relationship was found 
between the characteristic period and the star's absolute 
magnitude. 

Mimeemscismou relationships of particular interest are 


discussed below. 


EuCorrelation with the Range orf Apparent Magnitudes 


~a lOther Characteristics 

kinenskhus research began, 1t was assumed that the 
mumpe in apparent magnitude (MASPRD) was related to the 
dynamics of the star in some way; and that being so, a 
correlation would be found between MASPRD and some other 
Meeervaple Characteristic. In a thorough analysis, no 
koma rpcamnt correlation between MASPRD and any other variable 
Preset of variables could be found. 

MASPRD was plotted on two-dimensional scatterplots 
against each of the following variables without significant 
correlation: GALONG, GALAT, BRTMAG, DIMMAG, V, BMNSV, UMNSB, 
TEMP, EMINT, and AMPG. The highest correlation was with 


BRTMAG (r= 0.4). A two-way frequency distribution was 





prepared for MASPRD and LICRV. There was no essential 
ENterence in the distribution of MASPRD for the four main 
iN curve classes. For the variable TEMP only those stars 
meen well defined non-continuous spectra were considered, 
Fmee stars with continuous spectra were given identical 
codes. Thus there was no correlation between MASPRD and 
the effective photospheric temperature. 

ncr kvere “ol Stars that™iad values of BRITMAG, 
IS, V, BMNSV, TEMP, EMINT for all cases. A program was 
Me pared to find the best of all possible regressions of 
these variables with MASPRD as the dependent variable. A 
linear combination of BRTMAG and V provided the best corre- 
lon; however, the calculation of an F statistic confirmed 
mmeepoormess of fit. A stepwise regression was also run 
ns milar results. A plot of the residuals versus the 
gmi ables showed no underlying structure. Factor analysis 
was not undertaken, but may show some significant tie undis- 
Meverea in the regression analysis. This possibility is 
@ensiaered unlikely. At this tıme, there is no clear rela- 
w ap between the Spread in apparent magnitudes and any 
other observable characteristic or set thereof. 

Mas is particularly disturbing in the case of the 
Beck of any relationship between MASPRD and the emission 
intensity (EMINT), a scatterplot of which is shown in Fig. 
Wi There are Many indications that the emission intensity 
ONvaruobwnlisty are related. As stated previously, the 


emission lines are stronger when the star is at maximum light. 
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Some strong emission line stars show small light variations 
mia Short time Scale in addition to the large variations 
characterized by MASPRD, while weak emission line stars do 
Ec Now the Small variations [Rydgren, Strom, and Strom, 
VO). it has been asserted by Rydgren, Strom, and Strom 
EE that "the principal source of variability in T Tauri 
Eus the changing strength of the envelope emission." 
E those characteristics which delineate PMS objects 
Should lessen in degree and disappear as the star evolves 
Ehe main sequence. 

coma Sequence stars have metther irregular 
wabi lity nor emission lines, and the PMS T Tauri stars 
kku presumedly both emission strength and variability de- 
we in, at least, a qualitative way with increasing 
Bear age. But Figure 14 shows no tendency for MASPRD 
Boschanse with EMINT. Statistical tests confirm the visual 
meecorvation that there is no correlation. No current 
mrerleS explain either the cause of the irregular varia- 
batty, nor why MASPRD should be independent of the other 
ebserved characteristics. 

iekguescion OF the correlation between the magni- 
tude of the variability and the emission intensity may be 
Eigeorctent to determining the true nature of certain A and 
Peeters. Strom, Strom, and Grasdalen [1975] have suggested 
mo ume variability and envelope emission strength are 
correlated, then certain weak Ha stars may be small amplitude 
variables. No correlation can be suggested on the basis of 


this research. 
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CC J UZS0v0no-Russell Diapgrams 

ME oor results obtained from plotting- apparent 
Mena tudes versus either the spectral class or the color 
B-V have already been discussed. The use of the absolute 
magnitude improves these plots considerably, particularly 
maetne H-R diagram of the Taurus-Auriga region. The list 
below shows some of the H-R diagrams plotted in this 
kosearch: 


sure 15 - M vo. TERP ali Stans 


Pg 

lure 16 - Me SS IENE Ubri l e 0 ME KS 

Eure 17 - Mg us TENE SUDI eT TAVAUR 

ileure 18 - Mg VS- TEMP ASS SANZ 264 

Figure 19 - Mos vs. TEMP - subfile ORION 

eure 20 - M vs. PEM Lab] certaln orsiprobable 
pē yi uri stars 


kure Zl - Hog us. DINE CTI SS UOS 


unocuro 22 - Mg WS BV Sube ONE 

lg ure 25 - Md vs. BV “subti le AMAR 

Figure 24 - de vs. B- V - subfile NGC2264 

Figure 25 - T ve )  - ORLON 

meure 26 -MN SANE o aio probable 
PB T Tauüri stars 


Me dwarf main sequence is drawn on each. 

Two items regarding these diagrams are causes of 
error. First, most of the stars (ORION and NGC2264) had 
their absolute magnitudes calculated on the basis of an 
average extinction. This could cause an estimated standard 


mmomeeteas much as l magnitude. However, since the error 
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EN ppired LO Stars equally in both directions, the overall 
uoecer probably does not bias the considerations of large 
Sale characteristics from the H-R diagrams. On the other 
nama, the absolute magnitudes for the Taurus-Auriga stars 
Bez couite small standard errors, probably no greater than 
mmo magnitudes. This is because much closer estimates of 
sms dual extinction could be applied, given the excellent 
puotometry and calculations of Rydgren, Strom, and Strom 
NS). Second, but for equivalent reasons, the H-R dia- 
EEUU SESwrth B-V as the abscissa are in even greater error, 
because not only are the D in error as above; but the 
Meddening 1s variable also. Consequently, a star's hori- 
wnal position is not only offset to a greater B-V because 
overall reddening, but is uncertain by an amount not 
maeeimined. Again, for recognition of gross characteristics 
Huc errors are probably inconsequential. 

eu ber "examination ol the diagrams there can be little 
femme that Orion Population stars usually have luminosities 
Aca ter than Main sequence Stars of the same spectral class, 
Alo Se tor mid-P stars and later. There are seven stars 
earlier than F5 with peculiar luminosities. Particularly 
menamae are EKHg 198 (HRC 3) and LHa 25 (HRC 219). These 
Stars are too dim by about three magnitudes. LHa 25 is in 
2002264, a cluster with a well determined distance modulus 
EDU 10555]. Its spectrum, Bŝpe = shell, indicates a 
urce ok circumstellar extinction. The most probable cause 


pukrhe error 1s a large difference in the extinction from 
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the average value assumed for NGC2264. The distance modulus 
for the small anonymous dark nebula close to LkHa 198 has 
been determined spectroscopically from two main sequence B 
Es Herbig, 1960]. LkHa 198's spectrum is an uncertain 
A and so the necessary absorption to take the star to the 
Nm sequence ranges from two to four magnitudes. Extinc- 
MONS probably the cause of the anomaly, but too little 
is known about this nebula to draw any firm conclusions. 
The other five stars may truly be large mass PMS objects or 
the absorption has been badly overestimated. 

ioti sand later starce the H R diagrams. combined 
uou the various spectral peculiarities would seem to con- 
uun their PMS nature. On the basis of these H-R diagrams 
ne, particular "tracks" cannot be chosen. But from 
Moure 15 one can see that the cross section of Catalog 
Sears covers stages of evolution from early visual appearance 
Anp positioning on the main sequence, if Larson tracks are 
assumed. 


KE Vacionsnirnlibetveen the Light Curve 
Glass ification ana the Emission Intensity 


E NN been pIe viously shown that there is no cor- 
relation between EMINT and MASPRD and further, that the 
A ibution ot MASPRD does not change between the various 
iMohe curve classifications. It seems reasonable that if 
EMINT and MASPRD are independent and if the distribution of 
MASPRD for each LICRV class is the same (and possibly random), 
that there might be some information gained by considering a 
p frequency table of LICRV and EMINT. This cross 
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muon js shown in Table IV. In making this table, 
M i adnate categories of EMINT, that is, EMINT = 1.5, 2.5, 
LET 4.5, were counted as the next highest value. For 
okample, cases with EMINT = 1.5 are counted as cases with 
moet = 2.0. A chi-squared statistic was calculated to test 
“hoNhypotheis that the distributions of EMINT between light 
Eve classifications were equivalent. The distributions 
ENMEEUMINT differ at a 99$ confidence level. This may clearly 
E -en by examination of Table IV, row by row. The inter- 
EU effect is that those stars which are more frequently 
bright than faint have clearly the weakest emission intensity. 
Ear? that for individual stars, emission line strengths 
EN re2stest when the stars are brightest. Furthermore, 
NEC Uiterence is still distinct if a statistical collapse 
EN cot» intermediate categories moved to the next lower 
EN Cor even split between values. The light curve clas- 
Æe ation with the strongest emission intensity is the 
w which most frequently has the mean brightness. No 


Simple explanation is apparent. 


DE fHE LUMINOSITY FUNCTION 

The luminosity function shows the relative numbers of 
meats in successive intervals of absolute magnitude for a 
saven volume of space. In Figure 27 the histograms of Mpg 
n each of the three specific subtiles and for the 
luminosity function [Allen, 1973] are shown. The luminosity 
Function (Mn) PS ne nun bento Stars per unit volume 


within the magnitude range M- 1/2 to M + 1/2. The sharp 
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uu ci ence between the observed results and the luminosity 
function at about e = HOMS probably due im part to ob- 
EEetional selection. The faint-end cut-off, however, 
Bears to be too sharp to be explained by observational 

a tions alone; thus the luminosity function for T Tauri 
Eu appears to be significantly different than the lumin- 


Ex function for the solar neighborhood. This difference 


EXEC: predicted by theory. 
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IV. CONCLUSIONS 


Ihe mayor results of this research were estimates of 
RR olıte Magnitude for 228 Orion Population stars, the 
Sksulation of a variety of statistics for the Catalog's 
Skisegories, the production of frequency distributions, and 
Me creation and statistical testing of many cross relation- 
mimes between the Catalog's variables. This included 
Hertzsprung-Russell diagrams. These H-R diagrams are quite 
usun ate particularly in the Taurus-Auriga region. There 
memo Orion Population star FS or later with an anomalous 
position. 

N-O o Population stars, ot which T Tauri stars are a 
MOD. subset, are largely pre-main sequence objects evolving 
Mas the Main sequence, All current theories of stellar 
wout ion predict the appearance of stars with H-R diagram 
entons that the T Tauri stars have been observed to fill. 
Me majority ot the plotted stars fall well below the giant 
Rr xbranch. However, on the basis of large scale consider- 
Bons or the Catalog data, no conclusive argument can be 
Dpcstor any particular track, convective or radiative. 

One could certainly reach this conclusion only on the 
basis ot a lack of understanding of the hydrodynamics. The 
theories of Larson and Hayashi do not explain the mass loss, 
variability, or our results. On the basis of this work 


there does not seem to be any connection between the large 
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Peale Varidadoility as represented by MASPRD and any other 
En ervable characteristic. Sen oncserpeets the.direetiy 
Ecervable Characteristics to be linked through the equations 
Ehvdrodynamic equilibrium, clearly the full dynamical sit- 
uation cannot yet be understood. There does seem to be a 
Ex tsonship between the emission intensity .and light curve 
Meesi ication, but this is also not yet explainable. 

Mae nepa ut oft observed in the luminosity function 
Ar Cates a population for T Tauri stars differing from the 
EN merenborhood. The cut-off appears in each of the major 
Bons of | Tauri stars. It may be indicative of T Tauri 


Ew cture as yet unexplained in theory. 
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IET, 
ES". 
16. 
Le 
IES. 
T9. 
P. 


DL. 


D. 


23. 


ZIA, 


RIE MIU CIEGOSIES OF THE HERBIG-RAO CATALOG 


Category Fortran Name 
HRC Number HRC 
indieatyom OL associated bright nebulosity NEB 
uu name or other designation none 
Faeht ascension and declination (1950) none 
fact iec coordinates (1958) "Z" GALONG 
yo GALAT 

Apparent magnitudes (m): 

biuushuest magnitude BRTMAG 

June EC magnitüde DIMMAG 
¡curve classification DOG) 
Moments regarding the light curve ECON 
aaron of a characteristic time CRVLOG 


interval 1n days, over which the star 
Has been Observed to undergo a major 
snapve light and to recover 


Mean visual photometric magnitude (V) V 
Meamevaliue of the color B-V BMNSV 
Mean value of the color U-B UMNSB 
Ns uolet excess information UVEX 
imeertainty of photometric data MUNC 
Comment regarding variations in V IVARV 
Spectral class TEMP 
Luminosity class L 
Information of emission lines Ig 
Nola specification of the type of star Iva 
Pemumber describing the general intensity EMINT 


of the emission spectrum 


Govenwindicating af Herbig vexamined H 
Pec Crum plate 


Mic ation of abnormally strong IUCON 
ultraviolet continuum 


Categories not in the Catalog 


bezalsed in UES Eno] e cL 


The difference between the brightest MASPRD 
apparent magnitude and the dimmest 
apparent magnitude, i.e., DIMMAG - BRTMAG 


The absolute photographic magnitude, I AMPG 
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TABCE TI. 


PHOTOMETRY 


Photometry o OR Ie nun lopulkdenor 


Valid observations 
Missing observations 


Mean 


Median 
stad. dev. 
Max. 


Min. 


Photometry of Certain 


Valid observations 
Missing observations 
Mean 

Median 

okas dev. 

Max. 


Min. 


V 


— 


IS 
186 


95 
1922220 


B-V 


134 


159 


UB 


120 
"AU 


or Presumed T Tauri Stars 


V 


E 


07 


on 


IK tS 


PD 


ion od 


g N 24 


5O 


Bey 


fez 


U-B 


65 





HRC 


17 
18 
20 
40 
84 
85 
86 

164 

183 

184 

185 

186 

187 

207 


D 


250 


NED E AIRES 


STAR 


MacC HI2 
Ho 197 
ie Ho 198 
Macc H10 
MacC H9 
ZE Ho 200 
EK Ho 201 
eng, 92 

Eu to 9/ 
Ik fe 330 
EK Ho 101 
o ori 

GW Ori 
V649 Ori 
V380 Ori 
ToS Ori 
M5s0 Ori 
Mood Ori 
LU Ori 
ENEO 514 
R Mon 

RU Lup 

DO Ar 9 


Haro 1-1 


ABSOLUTE PHOTOGRAPHIC MAGNITUDES 


LOCATION 


CEP IV 
ADN 

ADN 

CEP IV 
CEP IV 
NGG 228 
NGC 225 
IC 348,B4 
IC 348,B4 
IC 348 
NGC 1579 
B 225 

B 225 

B 225 

NGC 1999 
B 35 

B 35 
B 35 

B 

NGC 2068 
NGC 2261 
ADN 

B 42 


Ncar B 42 


A 


12% 
o. 
Oe 

2 

l 

TOS 


TOR 


UE 
IZ 
Ez 
T 


Zo 


S 


8 


M 
) 


REPERENCE 


10.2 


3 


10 


10 


NOTE 





PETE III (continued) 


HRC 


201 
308 


S10 


STAR 


Haro l-4 
852 Oph 
R4 
Mo-Ar 22 
paro 1-8 
SR 24 
SER 12 
FRY 

SR 10 
V853 Oph 
Haro 1-14 
Haro 1-16 
be Ha 122 
U52 Ser 
ee hick 102 
OVIS C T 

OI He 118 
DECLA 

I TA 
V521 Cyg 
Pelion NT 0 
pipe 191 


EK Ha 349 


BD+46°3471 


Lk Ha 245 


LOCATION 


B 42 


B 42 


UJ 


42 


4 2 


w w 


42 
B 42 
B 42 
B 42 


42 


UJ UJ 


42 
B 42 
B 44 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
ICA 
LO 


CAS 


„44 


6514 
029 
6545 
0525 
6523 
0729 
o 
7000 
7000 
ONJO 
396 

146 


146 


(nja 


BU 
De 


9o 


kO: 


TO: 
[528 
12: 
182 
122 
12: 
1,5% 
KO 
14. 
14. 
14. 
UZ: 
Tis 


Vv 


58 


M 
p 


KEFERENCE 


10 
uj 
10 
10 
NO 
10 
10 
10 
10 
10 
n 


10 


NOTE 





IPOD III (continued) 


HRC 


512 
314 
2319 
320 
EX 
222 
223 


25 


24 


25 


26 
Z7 
28 


29 


50 


51 


$2 


35 
34 


o» 
50 
5 / 


STAR 


LER Ha 257 
Lk Ha 350 
Hace HS 
Mace H3 
Ek Ho 259 
meat HS 
MacC H18 


FM Tau 


FN Tau 


CW Tau 


EP Tau 
EX Tau 


CY Tau 


V410 Tau 


DD Tau 


Co Tau 


BP Tau 


DE Tau 


RY Tau 


T Tau 
DF Tau 


DG Tau 


LOCATION 


TESSA 
Cep ITI 
Can SW 
Cep IV 
Cep ITV 
Cep IV 
Gop IV 


Tal AUT, 
B209 


am nun, 
152209 


Tau-Aur, 
B209 


Tau-Aur 
Tau-Aur 
Ta AUT, 


b27 


Taa AT, 
B7 


IMS 
BIO eee) 


Laue an, 
BIOS B/ 


Tau - AUT , 
near B/ 


Tau-Aur 


Tau-Aur, 
B214 


Tau-Aur 
Tau-Aur 


Tou- Aur, 
B217 


(n-M), 
1137 
EZO 
12208 
1285 
12.8 
Ne ts 


12:79 


59 


M 
28 


REFERENCE 


10 


10 


10 


10 
10 
IO 


10 


10 


10 


10 


10 


10 


10 
10 


10 


NOTE 


10 


10 





BLE III (continued) 


HRC 


ED 


E 


41 


45 


44 


45 


46 


47 


48 


49 
50 
E 
3 


54 


59 


JO 


2 


58 


29 


60 


61 


DH 
DI 
10 


UX 


FX 


DZ 
Lk 
HK 


HL 


Lk 


UZ 


GG 


GH 
GI 
GK 
DL 
IIS 


HN 


CI 


STAR 
Tau 
Tau 
Tau 
Tau A 
Tau 
aw 
a 
Bose 351 
Tau 


dau 
Tau 
Ha 266 


Tau p 


Tau 


Tau 
Tau 
Tau 
Tau 
Tau 


Tau 


Tau 


LOCATION 


eau, 
B19 


ame AUT, 
B19 


au Aur, 
B218 


ETU ur 
Lau Au, 
B18 


Tanc AUT, 
near B19 


lau- Aur, 
B18 


Tau-Aur, 
B18 


Tau-Aur, 
B18 


hot AUT 
Tau-Aur 
Mane Aur 
Tau- AUT, 
B19 
Tau-Aur 
Tau AU, 
B18 


Tau-Aur, 
B18 


Taa- Aur, 
B18 


SUS AUX. 
near B18 


Pau AUT, 
B19 


Tau-Aur 


Tau-Aur 


(m-M) T 


ee 


leo 
13., 


TO: 


TOS 


Oe 


60 


M 
US 


INE E 
10 
10 
10 


10 


10 
10 
10 
10 
10 


10 
10 
10 


10 


10 


10 
10 
10 
10 
10 


10 


10 


NOTE 


1I 


10 


LE 


EZ 


EZ 


EZ 


12 


ILS 


TO 


Z 


10 


13 





TABLE III (continued) 


HRC 


62 
63 


64 
65 


66 
67 


68 
69 


(V 


71 


72 
Js 
74 
75 
76 
77 


78 


DM 


AA 


HO 


DN 


HP 


DO 


VY 
Lk 


DP 


GO 


DQ 


STAR 


Tau 


Tau 


Tau 


Tau 


Tau 


Tau 


Tau 


Ha- 332 


Tau 


Tau 


Tau 


Haro 6-37 


DR 
DS 
UY 
GM 
AB 
SU 
KV 
LL 
pl 
LM 


NW 


Tau 


Tau 


AUT 


Aur 


AUT 


AUT 


Mon 


Mon 


Mon 


Mon 


Mon 


LOCATION 


Tau-Aur 


Tau-Aur, 


B18 


Tau-Aur 


Tau-Aur, 


B18 


Tau-Aur 


Tau-Aur, 


527 


Tau- Aur 


Tau AUr, 


B22 


Pau Aur, 


B22 


Tau Aur, 


B22 


Tau-Aur 
Tau- Aur 
Tau-Aur 
Tau-Aur 
Tau-Aur 
Pau- Aur 
Tau-Aur 


Tau-Aur 


NGC 
NGC 
NGC 
NGC 


NGC 


2264 
2264 
2264 
2264 
2264 


(m-M) 16 
Oj: 


ok 


II: 


10. 
Don 


KO: 


NOR 


10. 


61 


OS 
285 
OS 


oo 


M 


REFERENCE 


10 


10 


10 


10 


Ioj 


10 


10 


10 


10 


10 


10 
10 
10 
10 
10 
10 
10 
10 
11 
Wl 
11 
11 


pi 


NOTE 


o 


15 


ES 


Il 


15 


175 


15 
13 
13 
L5 
IS 
13 


L5 





[BLE III (Continued) 


HRC 


214 
2.5 
246 
217 
zur 
DIO 
oO 
B 1 
22 
225 
224 
Do b 
220 
LZ | 
AZO 
29 
230 
2l 
IS 2 
235 
234 
255 
2:50 
257 


258 


STAR 


IFO T 
liio 21 
NX Mon 

W 84 

LO Mon 
ilo 25 
LR Mon 
LT Mon 

W 108 
V419 Mon 
V347 Mon 
LU Mon 
IO Mon 
IP Mon 
LY Mon 
LX Mon 
os Mon 
V360 Mon 
V426 Mon 
V363 Mon 
MM Mon 
PHa Gl 
V365 Mon 
V432 Mon 


MO Mon 


LOCATION 


NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 


NGC 


2204 
2204 
2204 
2264 
2264 
2264 
2264 
2264 
2204 
2204 
2264 
2204 
2264 
2264 
2264 
2204 
2264 
2204 
2264 
PAPA SES 
2264 
2264 
2204 
2204 


2204 


(m-M) = 


o 


9 


62 


65 


e. 
285 
25 
235 
“o. 
OS 
SO 
o 
255 
bos 
nob 
ces 
85 
~es 
305 
Oo 
2:5 
255 
Oo 


35 


95 
OS 


235 


M 
) 


REFERENCE 


T 
11 
11 
11 
11 
ET 
11 
11 
EL 
J 
LU 
11 
ME 
IBI 
LI 
11 
UE 
E 
11 
11 
11 
ET 
IE 
SE 


11 


NOTE 





IEEE III (Continued) 


HRC 


259 
240 
241 
242 

97 

95 

E) 
100 
102 
103 
104 
105 
106 
107 
108 
1109 
110 
ell 
113 
114 
eS 
WLG 
NE 
118 


9 


STAR 


OW Mon 
OY Mon 
MO Mon 
PY Mon 
oan 1 

HS Ori 


H Ori 


V466 Ori 


207 
VX Ori 
Dori 
San 2 


vV- Ori 


VoS6 Ori 


ENZO 
E 1270 
su" Qri 
WX Ori 
P 1404 
EZ dūša 
SM Ori 
IU Ori 
XX Ori 
Toss: 


YI Ori 


LOCATION 


NGC 2264 


NGC 2264 


NGC 2264 


NGC 2264 


Orion 
Orion 
Or ron 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orom 
Orion 
Orion 


Orion 


neb 
neb 
Dre) 
neb 
neb 
neb 
nep 
neb 
neb 
new 
heb 
neb 
neb 
nep 
neb 
neb 
nep 
neb 
neb 
ite lO 


neb 


63 


(m M) e 
9.85 
9285 
085 


o e 


M 


REFERENCE 


11 
11 
jej 

SIS 
12 
T 
17 
12 
17 
2 
I 
12 
E 
12 
12 
2 
2 
1% 
Jo 
12 
12 
M 
i” 
HE 


12 


NOTE 


14 





NABE III (Continued) 


HRC 


120 
J] 
n» 
JU 
124 
1825 
126 
127 
Ie 
123 
T50 
S.T 
132 
T55 
134 
M 
136 
157 
Jb Sire 
159 
140 
141 
142 
143 


144 


STAR LOCATION (m-M).. 
Ez Ori Oron neb D 
P 1649 tere hie > 2l 
KM Ori Orion neb C] 
KN Ori oron neb o 
ree Ori Orion neb Se 
EI Ori rion neb Al 
WE Ori pruon neb DM 
EN Ori Orion neb g 
EN Ori Om ron neb oe l 
Moo Ori Orion neb o 
AA Ori orion neb Sl 
V486 Ori Orıom wep S au! 
ES 1 7 Orion D Sl 
EXT Ori Orion neb eal 
V488 Ori OMON ve Jodl 
AB Ori Orion neb Sl 
BI Ori Orion neb Do 
AD Ori Orion neb I 
EIOS] Orion neh 9.1 
P 1946 Orion nep 9.1 
AVO (Ora sl Orion neb 9.1 
ANOT Orion neb Doo 
xor: Orion nep oel 
AL Ori Oe NON nie; 9.1 
pop Or Orion neb gi 
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E UL NE NIGIS 


IZ 
ILZA 
L4 
p 
12 
12 
1? 
12 
IEZ 
KZ 
liz 
2 
12 
ly 
12 
LZ 
EZ 
152 
12 
12 
12 
We 
qu 
EZ 


12 


NOTE 





ADELE III (Continued) 


HRC 


145 
146 
147 
148 
149 
ESQ 
295] 
52 
No 3 
154 
E55 
ISO 
o 
158 
Lag 
160 
kOl 
OZ 
163 
165 
166 
167 
168 
169 


172 


STAR 


Bu Ori 
AM Ori 
BU Ori 
Nu Ori 
BO Ori 


AN Ori 


275 Ori 


er Ori 
OT Ori 
iori 


NR Ori 


12590 Ori 


AU Ori 


D577 Ori 


AV Ori 
PO Opi 
PU Ori 


AZT OTi 


Haro 4-125 


BD Ori 
BC Ori 
Dd 
BEROFI 
Iri 


Orl 


BOCA ELON 


Orion 
Orion 
Or LOTI 
Orion 
On LON 
Orion 
Orion 
On TON 
OT ION 
Or zon 
OF KON 
On son 
Orion 
Orion 
OTTON 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Orion 
Or ron 
Orion 


Orion 


neb 
neb 
neb 
neb 
neb 
neb 
neb 
neb 
neb 
neb 
neb 
Die D 
neb 
neb 
nep 
neb 
neb 
neb 
neb 
neb 
neb 
neb 
nob 
MOD 


neb 


(m-M) 
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Mee RENCE 


eZ 
Rz 
p 
12 
I 
I2 
12 
2 
n 
2 
12 
12 
12 
12 
12 
12 
12 
HZ 
12 
12 
12 
12 
12 
de 


12 


NOTE 





ENDE IIl (Continued) 


LOCATION (m-M) „, 
üxdqonamcb SE 
Orion neb SEE 
On ron ne) ZE 
Qxion neb 9.1 
Orion neb orl 
Orion neb Soli 
Orion neb Sr 
Orion neb Se 
Orion neb E 
Orion neb d 
Orion neb E 
Orion neb a 
Orion neb de 


Johnson, et al., 1961 


Imhoff and Mendoza, 1974 


deren, Strom, and Strom, 1975 


HRC STAR 
moe TY Ori 
174 Haro 7-1 
ieee Haro 7-5 
Haro 4-255 
Meee VS10 Ori 
INONBH Ori 
NON Haro 7-4 
EON DL Ori 
182 Haro 7-2 
Moo Lk Ho 334 
Merz Lk Ha 335 
moe Lk Ha 336 
Iu Lk Ha 337 
References: 
AN Vohnson, 1968 
Li 
EGAN Herbig, 1960 
KABuscombe, 1963 
EA klerbig, 1971 
KA Kholopov, 1959 
Z 
cee Allen, 1973 
Kuhi, 1964 
10 
mie Walker, 1956 
E. 


Fenston and Hunter, 1975 
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EOE III (Continued) 


NOLES: 
1. ADN for anonymous dark nebula. 
E dopted from the distance modulus for FU Ori (HRC 186). 
DES sumed Ap Ru |. 
4. Actually 4.0 = My not Mp - 
5. Distance modulus adopted from the average modulus calculated 
inom p Oph stars discussed in Rydgren, Strom, and Strom, 
my 5. 
V Opted the distance modulus for V1057 Cyg (HRC 300). 
EN dopted the distance modulus for Cep IV as that of Cep III. 
E dOpted from average distance modulus calculated for B209. 
E dopted from average distance modulus calculated for B7. 
m dopted from average distance modulus calculated for Bl19. 
NEN. proximity to DI Tau (HRC 39), adopted the same distance 
modulus. 

IEC Opted from average distance modulus calculated for Bl18. 
I ter examination of Palomar Sky Survey Prints and consider- 
mee the absorptions of the stars in Rydgren, Strom, and 

“uslom, 1975, the star was assigned to one of three groups 
enethe basis of an estimation of the visible absorption in 
the immediate area. An average distance modulus for either 
lE NES moderate or heavy absorption was adopted. 

E dopred the distance modulus based on the average of the 


d options in Penston ama Hunter, 1975. 
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Figure 27. The Luminosity Functions, $(M,,). The luminosity 
function for the solar neighborhood is adapted from Allen [1973]. 
The functions for the other four plots above have been normalized 
such that the number of stars in the total Orion Population is 
equal to the number found from integrating d(M _) in the solar 
neighborhood from -2 a = kO PE 
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Figure 28. H-R diagram showing the Hayashi 
track for a ore SOlLae masceorecostar., The 

bar at the tracks end marks the stars position 
on the main sequence. The figure is adapted 
from Clayton [1968]. 
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Figure 29. H-R diagram showing the Larson track for 
meme solar mass protostar. The Solid line is the 
zero-age main sequence. The figure is adapted from 
enon, Strom, and Grasdalen T1975]. 
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